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(W. Yamashita).Eye gaze is an important tool for social contact. In this study, we investigated whether direct gaze facil-
itates the recognition of three-dimensional face images in infants. We presented artiﬁcially produced face
images in rotation to 6–8 month-old infants. The eye gaze of the face images was either direct or averted.
Sixty-one sequential images of each face were created by rotating the vertical axis of the face from frontal
view to ±30. The recognition performances of the infants were then compared between faces with direct
gaze and faces with averted gaze. Infants showed evidence that they were able to discriminate the novel
from familiarized face by 8 months of age and only when gaze is direct. These results suggest that gaze
direction may affect three-dimensional face recognition in infants.
 2012 Elsevier Ltd. All rights reserved.1. Introduction
Eye gaze is one available tool for social communication. In par-
ticular, eye gaze is an important signal of another’s interest and
intentions towards the perceiver (Csibra & Gergely, 2006). Discrim-
ination between direct and averted gaze is highly accurate, and di-
rect gaze is detected faster than averted gaze (von Grünau &
Anston, 1995).
Even newborns can reportedly discriminate between direct and
averted gaze (Farroni et al., 2002). Farroni et al. measured new-
borns’ looking time and gaze orientations, and found that they
showed visual preference for direct gaze over averted gaze. It has
been shown that a face with direct gaze can facilitate face learning
in 4 month-old infants (Farroni et al., 2007). In Farroni et al.’s
experiments, 4 month-old infants showed better face discrimina-
tion after habituation in direct rather than averted gaze. Using col-
or photographs of frontal faces, their study indicated that direct
gaze is important for face learning. Moreover, electrophysiological
studies have shown that gaze direction is an important cue for face
processing. Farroni et al. (2002) recorded event-related brain
potentials (ERPs) in 4 month-old infants during direct gaze and
averted gaze presentations. They found a difference between direct
and averted gaze in the face-sensitive component of infant ERP,
‘‘infant N170’’. Speciﬁcally, the amplitude of ‘‘infant N170’’ was
greater in faces presented with direct rather than averted gaze.
They found the same difference in ERP activity between directll rights reserved.
544891@tamacc.chuo-u.ac.jpand averted gaze even with averted head angles, while this differ-
ence disappeared when the faces were inverted.
Behavioral studies of adults have also demonstrated that direct
gaze can facilitate adult face processing (Hood et al., 2003; Vuilleu-
mier et al., 2005). In Vuilleumier et al.’s study, participants made
gender judgments about monochrome photographs of faces, and
measured implicit learning. Results showed better recognition of
faces in direct gaze only in the three-quarters view. During the
gender judgment task, participants might have focused their atten-
tion on the eye region, which might have facilitated their recogni-
tion of the faces. Although this result might be task-dependent, it
indicates that direct gaze should facilitate face processing in adults.
This effect of direct gaze on face learning has also been shown in
children aged 6–7 (Hood et al., 2003; Smith, Hood, & Hector,
2006). Children showed better recognition when direct rather than
averted gaze was presented. They indicated that direct gaze facili-
tated face discrimination in children’s implicit learning.
For face recognition in three-dimensional face objects, our pre-
vious infant study (Yamashita, Kanazawa, & Yamaguchi, 2011)
examined whether infants could learn faces regardless of view-
point changes in artiﬁcially produced three-dimensional face
images. We found that 6–8 month-old infants could learn a
three-dimensional face in the static presentation of different view-
point images, but not in the presentation of sequential images of a
rotating face. In contrast, our results showed that infants could
learn three-dimensional non-face objects in both static and rotat-
ing conditions. These results indicate that with three-dimensional
objects the learning of a face is more difﬁcult than the learning of a
non-face object. In previous study, Nakato et al. examined a devel-
opmental difference in brain activity during different views pre-
sentation (2009). Using near-infrared spectroscopy (NIRS) they
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Fig. 1. (A) Example of the familiarization and test stimuli used in the direct and the
averted gaze conditions in the experiment. Successive views 10 apart were
extracted from the rotating face. (B) Three face model images used in our
experiment.
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(oxy-Hb) and total hemoglobin (total-Hb) in 5-month-olds and 8-
month-olds during the presentation of frontal and proﬁle views.
Their results revealed that only 8 month-olds infants’ concentra-
tion of oxy-Hb and total-Hb in the right temporal region increased
for both the frontal and proﬁle views. In general, the right temporal
region is involved in face processing (de Haan & Nelson, 1999;
McCarthy et al., 1997; Rossion et al., 2003; Sergent, Ohta, & Mac-
Donald, 1992; Sergent & Signoret, 1992). On the other hand,
5 month-old infants did not show such concentration for proﬁle
views. These results indicate that infants’ brain activity for the face
area becomes view-invariant at the age of 8 months. Nakato,
Kanazawa, and Yamaguchi (2010) also reported that 6–8 month-
old infants can learn a face from a sequential presentation of differ-
ent views of a female face. In their experiment, infants learned one
female’s face from different views. This shows that infants around
6–8 months of age may have some ability for three-dimensional
face recognition. However, they do not show a fully developed abil-
ity for three-dimensional face recognition. In this study, in order to
clarify the three-dimensional face recognition, we used artiﬁcially
produced three-dimensional face images in rotating presentation.
These images enabled us to control any property of surface reﬂec-
tance, and we presented them with direct or averted gaze during
the familiarization of a face. Then, we examined the effect of the
gaze direction in three-dimensional face recognition in infants.2. Methods
2.1. Participants
Participants consisted of twenty-four 6 month-old infants
(mean age = 180.5 days, range = 169–193 days, 12 females, 12
males), twenty-four 7 month-old infants (mean age = 206.2 days,
range = 197–223 days, 10 females, 14 males), and twenty-four
8 month-old infants (mean age = 238.1 days, range = 229–
250 days, 14 females, 10 males). All were healthy Japanese infants
who had a birth weight greater than 2500 g. An additional 50 in-
fants were tested, but were excluded from the analysis due to fuss-
iness (4), a side bias greater than 80% for one side of the post-
familiarization test displays (20), a preference for one test stimuli
(6), longer looking times in the last two familiarization trials than
in the ﬁrst two (18), or a total looking time in the two test trials of
less than 6.0 s (2). The participants were recruited using advertise-
ments in newspapers.
2.2. Apparatus
All stimuli were displayed on a 22-inch CRT monitor (Mitsubi-
shi Diamond Pro 2070SB) controlled by a computer. The infant
and the CRT monitor were located inside an enclosure which was
made of iron poles and covered with cloth. Each infant sat on his
or her parent’s lap in front of the CRT monitor. The infant’s viewing
distance from the monitor was approximately 40 cm. There were
two loudspeakers, one on either side of the CRT monitor. There
was a CCD camera just below the monitor screen. Throughout
the experiment, the infant’s behavior was videotaped through this
camera. The experimenter could observe the infant’s behavior via a
TV monitor connected to the CCD camera.
2.3. Stimuli
We set face images in two gaze direction conditions (Fig. 1): the
direct gaze condition and the averted gaze condition. In the direct
gaze condition eye gaze was always directed toward the partici-
pant. In the averted gaze condition eye gaze was congruent withthe head and directed away from the participant. Three different
artiﬁcially-produced face images in neutral expression were used.
They consisted of 61 sequential images of each face in different
viewpoints at 1.0 intervals, which were shown repeatedly at a rate
of 32.51 frames per second. These sequential images were created
by rotating the vertical axis of the face from frontal view to ±30.0.
Matte and unreﬂecting materials were selected for the face sur-
faces. The faces were illuminated by a light source located inﬁ-
nitely far from the face. All images were in gray scale. The
maximum size of viewed stimulus was 7.7  8.7 in visual angle,
and the distance between the left and right images was about
14.5. The background was a homogeneous white ﬁeld.
Three-dimensional graphic software (Shade 9 Professional; e-
frontier, Inc., Japan, Poser 7; Smith Micro Software, Inc., California)
was used to create the three-dimensional face model and manipu-
late the gaze direction of the faces.2.4. Procedure
Half of the infants were randomly assigned to the direct gaze
condition and the other half were randomly assigned to the
averted gaze condition.
To test the infants’ three-dimensional face discrimination, we
used a familiarization-novelty preference procedure. The experi-
ment consisted of three phases, namely the pre-familiarization
test, the familiarization trial, and the post-familiarization test. In-
fants were familiarized with one face by being exposed to it repeat-
edly in the familiarization trials. Before and after the
familiarization, the infants were shown a pair of faces in the pre-
and the post-familiarization test trials. Then we checked the differ-
ence in preferential looking times for target (novel face) between
the pre- and the post-familiarization test. Infants generally pre-
ferred to look at novel stimuli rather than familiar stimuli (novelty
preference). Thus, a preference for the target (novel face) indicated
successful discrimination between the novel and familiarized face
during the familiarization phase.
We prepared stimuli of three different people’s faces. One face
was selected randomly from these three faces for the familiariza-
tion stimulus and one was selected as a target for each infant. In
the familiarization trials, two identical familiarization displays
were presented side by side for four 40.0 s trials. The familiariza-
tion stimuli were composed of rotating faces. In the pre-familiar-
ization test and the post-familiarization test, two faces were
Fig. 2. Mean preference score for target at the pre- and post-familiarization tests in
the direct gaze condition (A) and the averted gaze condition (B). The white bar
denotes the preference score for target of pre-test, and the black bar denotes the
preference score for target of post-test. Error bars show mean Standard Errors.
p < 0.01 (two-tailed t-tests).
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rotating from frontal view to 30.0 for two 10.0 s trials. The posi-
tions of the two faces were counterbalanced across infants in the
ﬁrst test trial, and reversed in the second trial. For each infant,
the pre-familiarization test and the post-familiarization test were
the same in terms of stimuli and order of presentation.
Prior to each trial, a cartoon accompanied by a short beeping
sound was presented at the center of the monitor. The experi-
menter initiated each trial as soon as the infant was paying atten-
tion to the cartoon.
One observer, who was unaware of the stimulus identity, mea-
sured the infants’ ﬁxations to the left and right sides of the display
based on video recordings. Only the infants’ looking behavior was
visible in the video. Although the observer could not see the stim-
ulus, he or she was aware of the timing of the beginning and the
end of each trial from the beep sound that was presented at those
times.
3. Results
3.1. Familiarization trials
The individual looking times were summated across the ﬁrst
two and the last two trials (Table 1). The looking times of the ﬁrst
two trials and the last two trials showed decreasing trends for both
the direct and averted gaze conditions. A three-way ANOVA was
performed on the looking times: (i) the ﬁrst two/the last two trials
as a within-participants factor, (ii) the direct/averted gaze condi-
tion as a between-participants factor, and (iii) the age of infants
(6–8 months) as a between-participants factor. The ANOVA re-
vealed a signiﬁcant decrease in looking times over trials
[F(1,66) = 141.26, p < .001]. The main effects of age, the gaze condi-
tion, and all interactions were not signiﬁcant.
The results showed that infants in each age group became
familiarized with the familiarization stimuli with no signiﬁcant
difference in decreased looking times between the gaze conditions.
3.2. Test trials
The mean looking times during the pre-familiarization and the
post-familiarization tests are shown in Table 2. In all test phases,
all infants looked at the displays for more than 6.0 s. A novelty
preference score was calculated for each infant in the pre-familiar-
ization tests and the post-familiarization tests. This was done by
dividing the infant’s looking time at the target by the total looking
time. The ratios for the two test trials were averaged; Fig. 2 shows
the mean preference scores for the two conditions.Table 1
Looking time (seconds) and standard errors (in parentheses) during familiarization phases
Direct gaze condition
First two Last two
Six-month-olds (SE) 67.59 (3.05) 52.05
Seven-month-olds (SE) 67.76 (2.27) 53.82
Eight-month-olds (SE) 65.94 (2.84) 51.83
Table 2
Mean looking time (seconds) and standard errors (in parentheses) during test phases.
Direct gaze condition
Pre-test Post-test
Six-month-olds (SE) 17.14 (0.91) 13.07
Seven-month-olds (SE) 17.83 (0.72) 13.90
Eight-month-olds (SE) 17.87 (0.52) 15.37To determine whether infants had a spontaneous preference for
either of the test displays, we conducted two-tailed one-sample t-
tests (versus chance) on the preference score in the pre-test. The
analysis showed that the preference scores for infants in both
age groups did not differ from chance level [direct gaze condition,
6-month-olds: t(11) = 1.14, p = .279; 7-month-olds: t(11) =
0.84, p = .418; 8-month-olds: t(11) = 0.54, p = .602, averted gaze
condition, 6-month-olds: t(11) = 0.63, p = .539; 7-month-olds:
t(11) = 0.07, p = .946; 8-month-olds: t(11) = 1.15, p = .273]. These
results suggest that infants showed no spontaneous preferences
for individual faces.
To determine whether infants preferred the target after they
had been familiarized with the familiarization stimuli, we con-
ducted two-tailed one-sample t-tests (versus chance) on the pref-
erence score in the post-familiarization test. For 8 month-old
infants, the results revealed that the preference scores in the direct
gaze condition were signiﬁcantly greater than the chance level of
50% [t(11) = 5.05, p < .001]; however, no differences were shown
in the averted gaze condition [t(11) = 0.09, p = .932]. For 6- and
7-month-olds, no differences were shown in either condition
[6-month-olds, direct gaze condition: t(11) = 0.64, p = .533;
averted gaze condition: t(11) = 0.69, p =.507, 7-month-olds,
direct gaze condition: t(11) = 0.60, p = .558; averted gaze condition:.
Averted gaze condition
First two Last two
(4.39) 64.32 (3.47) 53.27 (4.13)
(3.41) 68.56 (2.12) 56.79 (3.10)
(3.55) 65.78 (2.17) 46.11 (4.13)
Averted gaze condition
Pre-test Post-test
(1.12) 17.01 (0.71) 13.85 (0.67)
(1.18) 15.98 (0.70) 14.82 (0.75)
(1.22) 17.54 (0.65) 14.76 (1.06)
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conducted two-tailed t-tests of repeated measures on infants’
preference score in the pre-tests and the post-tests [6-month-olds,
direct gaze condition: t(11) = 0.04, p = .971; averted gaze condi-
tion: t(11) = 0.81, p = .434, 7-month-olds, direct gaze condition:
t(11) = 0.85, p = .415; averted gaze condition: t(11) = 0.27, p =
.792, 8-month-olds, direct gaze condition: t(11) = 4.26, p < .01;
averted gaze condition: t(11) = 0.42, p = .680]. These results sug-
gest that the only 8 month-old infants in the direct gaze condition
discriminated the novel from familiarized face.4. Discussion
In this study, we investigated whether direct gaze facilitated
three-dimensional face recognition in infants. We presented artiﬁ-
cially produced faces in rotation with either direct or averted gaze
during the familiarization phase. After familiarization, we checked
infants’ novelty preference and compared their performances in
the two different gaze conditions. We found that 6–7 month-old
infants didn’t show any novelty preference in either the direct or
averted gaze conditions. However, 8 month-old infants showed
novelty preference only in the direct gaze condition. These results
showed that 8 month-old infants could discriminate the novel
from familiarized three-dimensional faces in the direct gaze condi-
tion. However, 8-month-old infants in the averted gaze condition
and 6–7 month-old infants in both conditions showed no evidence
of being able to discriminate the novel from familiarized three-
dimensional faces. This suggests that direct gaze may facilitate
three-dimensional face recognition in infants.
It has been reported that direct gaze also facilitates adults’ abil-
ity to recognize faces. Vuilleumier et al. (2005) examined whether
direct gaze facilitates adult face recognition memory during impli-
cit learning. During an implicit learning task the participants made
gender judgments about monochrome photographs of faces. The
results showed that direct gaze facilitated face recognition in the
three-quarters view. Vuilleumier et al. have claimed that eye gaze
might exert signiﬁcant inﬂuences on highly specialized mecha-
nisms for social attention during gender judgments, and can signif-
icantly interact with the processing of facial attributes. However,
we claim that irrespective of gender judgments, direct gaze might
be able to facilitate face processing. Also, Hood et al. (2003) re-
ported the effect of direct gaze on facial learning in children. Dur-
ing an implicit learning task participants were simply asked to look
at a number of monochrome photographs of faces. Children
showed better recognition when direct gaze rather than averted
gaze was presented. This result suggests that direct gaze facilitates
face recognition in children as well. In daily life, humans have a
strong attentional bias toward the eyes. It is possible that this po-
sitive eye bias is a driving force in the development of face exper-
tise. The absence of this bias may provide fewer opportunities for
face learning related aspects of social development in people with
disorders such as autism (Gliga & Csibra, 2007).
Developmental studies have proposed that even newborns can
detect another persons’ gaze direction. Farroni et al. (2002) re-
ported that newborns preferred direct gaze over averted gaze. This
result indicates that newborns can discriminate between direct
and averted gazes. Furthermore, Farroni et al. (2007) reported that
a direct gaze can facilitate face recognition in 4 month-old infants
viewing color pictures. For face related brain activity, Nakato et al.
found that regardless of changing viewpoint 7–8 month-old in-
fants could process side views as well as frontal views (Nakato
et al., 2009). These results suggest that around 8 month of age, in-
fants might be able to distinguish between frontal and proﬁle
views, and recognize them as belonging to the same face. However,
in our previous study (Yamashita, Kanazawa, & Yamaguchi, 2011),we found that 6–8 month-old infants could learn three-dimen-
sional face images only in static presentation with images from dif-
ferent viewpoint. That is, these infants showed no evidence of
being able to discriminate the novel from familiarized faces after
familiarization with the presentation of sequentially rotating
images, but could discriminate the novel from familiarized non-
face objects after familiarization with both static and rotating pre-
sentations. This suggests that it is difﬁcult for 6–8 month-old in-
fants to recognize three-dimensional face images in rotating
presentation. One possibility is that a short familiarization period
might cause difﬁculty recognizing three-dimensional face images
in rotation. In this study we extended the familiarization period
from 90.0 s (Yamashita, Kanazawa, & Yamaguchi, 2011) to
160.0 s. Nevertheless, 6–8 month-old infants showed no evidence
of being able to discriminate the novel from familiarized artiﬁcially
produced three-dimensional faces after familiarization with
averted gaze in rotating presentation. So, this possibility was elim-
inated. In contrast, with direct gaze 8 month-old infants could dis-
criminate the novel from familiarized artiﬁcially-produced three-
dimensional face after familiarization in rotating presentation.
However, our results didn’t clearly eliminate the possibility that
younger infants may need more familiarization time. Further study
would be needed to clarify this possibility.
According to neurophysiological (Perrett et al., 1985) and lesion
(Campbell et al., 1990) studies in monkey, the area in the superior
temporal sulcus most closely related to determination of the gaze
direction was found. Also, according to neuroimaging studies, dur-
ing attending to eye gaze, a region of cortex near and perhaps
partly within the superior temporal sulcus was activated (Hoffman
& Haxby, 2000). Both the fusiform gyrus and the amygdale, which
has reciprocal connections with the superior temporal sulcus, in-
creased their activity during observation of a face with a direct
gaze (George, Driver, & Dolan, 2001; Kawashima et al., 1999). It
might be that there is a different encoding of stimuli between
the direct and averted gaze condition.
Our experiment examined whether direct gaze facilitates three-
dimensional face recognition in infants. The results showed that di-
rect gaze facilitates the recognition of artiﬁcially produced three-
dimensional faces in 8 month-old infants.Acknowledgments
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